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* ft 

♦J5.KqII o5_I j—lslLj ^5 C>. : _J 1 JjMJajl ^ L ^a aaI u-iLlc. i _ 7 —05 .j—uaa^M ( _ 7 l| (J5. K a 11 

.JjLj5^I^J^I (J 1 nTni05 ftji^) II :aj5^^LlUI J-qx Ja^jjii :<^uuu> -3 

(J-lEI—ulo j_ _ajLaJI _q <j_£J i cLi ^al J ■ •■■ a lil^c? ■■■! 3 __ijaJLll ( _ 3 _a :dL&^U» 

. S? i j In 

Pi+ADP :ls>2dl >$£>! -2 

ft5. .Jail d_Jaj^j |J < »’■' >>« a Lr lc c 55_ia_j J1 iIj_j5^^LlUI o-jQ q j-laa-j :(U^U -1 

.ADP + Pi J5_a ( _ r JQ5 l-iI—lx 





























jSgiiJI c-urSjlJI 


oSiuicJl 



.0 2 Jl JjlUi ; L^IiLbl \ I r,r) 4 0 2 Jl jMhJl ^oXj ADP + Pi u-iLlC- a _2 

( < i^<M i Vll ^J^sd) O Jl Jajjii ADP + Pi Jl :<u>ubiu> -3 


fi i i il ( LajoJI uiicloj “3 


tiljMc-Loj (03) JjMj ( _ r o cLugJago^II <LL^qJI 

.^LqJJ fi I 'i Q ■/-> O JjjJ^I - 
J inTiiio (CUjl - 

.cLu^JaJI ojimiiJI :ATP Jl l - i ±£ j 3 - 

-UU vi^iia -1 


:«djLsLoJ! *LqJ! \> i ^ I i •■ * ^ 11 

H 2 0-> 1/2 0 2 + 2H + + 2 e 


.^Ihioll 0 2 Jl^ J^l j,iir>pII : Lr <£ *LqJI cU_ij_a. ^lUL^ 


cUU iu^aJI <?J—ji^l j* ci^uUJI £>b$j£J2l Jl£ul 


o-° ^ 




JJ d—LJ^JaJI ^ 


ul 


jjJI L3 _a J_qJI oj_lo£I (j_c <L_a_j|_i_ll iljLj^^lU)/l J »“■" 
: ( _ 3 _ILUI i_xjLjjUI (j-Lc- J i nT nio jjA^/I 


■-.! cLju^Ja \ ,.i<j n ll PSII w ,| I‘»H w *^.>>11 vjLlaUI OJu^l C >L^j££JI A - 

*; ^ (j_o c*_u_lUI a jlLLq 

«Li1jL£ .^jV ■■■< ! cL-u^Ja < ..i<j^ll PSI (J^^/l w II pl U>»II j. j jPSII A - 

H ’ > 



.NADP+ jjl^I Ji^.oJI ^ ,/j :PSI *U$>£JI- 

tdaJUJI JliU-ijjaJI (j£. ojLlc- (JJj[gj R^Wy JWy?) 


.(PC) ^uLl^j^TiuMj :T 3 JJjLiJI tbf :T 2 (JJjLUl <,(PG) (jj :T i (JJLiJI 



rCvAI-.l-.rt «-A. j A j. : AlS...y|^| 















NADP ^o—^03 —oj j_^3J3 cLoJI oj ux^l <j c. a -^ILLII lIiI J3 33 c?—^ 

:<*_IjLslqJI (3_i>3 03 —ul^JI <_j _0 NADP + Jlil_ j3jJl^J^/I JaiijL_u±o <c|_3jb jl *^3 \;j 

NADP + + 2e + 2H + ^ NADPH,H + 


.NADP + 3 ^ ,-il » 3 j^IVI J«SV..IQ :Ll5LllLs - 
.K 3 Fe(CN ) 6 { ) DL"'\"'D\ ^ j3 | ! ,‘ -i 3j n Jio ^ f l lU./^l JLmltLtQj NADP + (_ya$su :Llljj^j - 

4 Fe +3 + 4e 4 Fg + 2 :^«ir>i 3 < nitM 3 JjL$lq 

( 3 _oIjj 3 3 I >ZiLj$2$y±l) J_5Lj til—I 111 j uliln 1113 -Q ,1 njjK 1 ( _ 7 _ jLIj j_jloI 3 ■"■ 3 ^ ■ *■ :NADP - 

a^^JI o>u*uJ! «uJI :ATP Jl -3 


(j-< > i< II 1 a J3^1 L j-g cL^JLLII (H + ) ljLj3J3jjJI ^j-£I>lj 3 I 1*3 ■>» *L-o-ll ^ hi^LLj (j_o ((_yo_i) 
^ \ ...<Sh ai ..1I..1 ^_o a,_JLaljl *1_Llil 33 j 7 <IVI T (J_qLUI J;»" I <L_^ (j—°$ 

o 3 ^ V 11 ^_Ij o3_ul^JI ( 3—0 iii_J 3 £ (H + ) 4II1I_J3J3JJJI ^ ■>>! dL-IolIa J 0 9 V ■. d_iLii <.d_i£.l_3j^n 

♦ * 

0 J 3 - 3 . 3 JO 0 LI 0 j-lc. j r>i?i?fi 03 iVi^ II ( 3 ~o j-f£l 1 n j 3 ^Tll < _ 3 _q iiiLj 3 J 3 jjJI j i<yi ^ iw^ij (_j_JLjLj 3 

4 II 1 1 j3_Ii33^JI (J » ■ ■« (3-0 ojj_2>JlqJI eLallaJI (>n .j_l£ 3 UI (_j_fl jjj-iJI (J_jJaU jlli—uJ ATP ij iNI 

:3lJjLsLqJI (3-O3 Pi (33 ■ >» f-M II ,"<ln ..130!! ^3^33 ^_q ATP _II ADP _II "j" ..in i 


ADP + Pi -> ATP + H 2 0 

(_j.ii t 2 jLj 3 j 3 jj.il JJLLj 4^Lj3J3>fll 0 I 3 J jj^^LlDI «Lulc- ‘* 131 “!) xdL^ExiS-* 
Cr-J! 03 . jiiA.ll ( 3 —o T 2 J oLUl j ; c. T 13 td oils 1 1 I Pnj Jl vft J_oj :j—±£jUI (jii *sr- - 

/ O t/^ 7 I I 


(3—0 jin III ATP ^Q— ljj^/1 j j c. V 13 td_5Ua 11 I PiTj ^ iPl^ nil jl nlT'll :j_ L^jUl I i nl^S - 
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CiUgjIfiJUl J Lil Jl -4 


^Laj[9 Oil „.<) (j_o I mI nil S-iJ^jiaJI d nKjUl d I nilnill ( _ 7 _a "il 'i^j'i<INI J nVi'i (<_^a_j) 

:^_iujjo od_ui£l Lr -IJ (_ya-LLjja 


L7 _Ij (j ^ILLII o-o^i^l J_E11 j9 pL_qU S_±j^Lb Oii „,<l tfiii i :PSII Jl ^IJ H 2 0 Jl C>^ ~ 

od_Lki£l (jj ^-Ij (j>> n -n i^ a.< ■ ■ i<i ij^—cS (j—o I ^*i«i~ PSII_II 

<j_ij^^I^JI nKllii d—ij^xbJI ^l—j^j^idl PSII —II nni :PSI Jl J\ PSII Jl tM> - 

♦ PS I —II £_,T ,T £l_o J_^1 (3^_oJ_jljjjo (J_fll^J ^j—ii I ^*l"l‘* gUj 

Ijj ^a i*l l,l< 1 111 *sLX j 9 d_Lj^xbJI lIiI _j^j^iJI PSI —II (jr> nnj :NADP + Jl | PSI Jl - 

l(j I; nT ni i T ', T' (j ji I nl i 11 d—iljXo <cL^j[9 a * ..»< (, i ni-s I mIaII (jM nTii 

.NAADP + ,ijl_j 5> lU^J J-L^^/I JilIWI 


£Uj1 / u>^ 

(Uja) 



4jjj£jj3l AlmluJl uliUjjjSj^l Jliiil 4jJi 

























I frija jj ^ \ ..i<lTif> 5 _jugi>iJI lIiI _PS 9 PSI cL-jug-JaJI 3 _glVi^/l ik> n 7 l 1 (<_ya_j) 

♦ PS 11 + _II kljL-jgj^J^II ^ ^_jLUI O _II H O _II J_lll£LiJ 

f * ♦♦ 2 2 

jl_l^3j_jj NADP ^q_j jj^/l ..ii/j < ^j_ll NADP + ( _ ? _IJ ^o_j t PS I + J—oUJ 

?d_l jLslqJI (Jp 

NADP + + 2H + + 2e NADPH,H + 

of) i'in II <j_o T J nil II Lg-Lkiaj ( _ 7 _UI^ H O _JI o.i ni^l <j_c. d ^ILUI JliLijj^jjJI ^o—^I >lj 
jlli_Lki ATP _ll j_jx. J_oii2i 03—>±1^JI (j_o j_t£l I (jjj "^IVI JLEijl 

ATP ( _ r JI ADP_II Ojfl nin i ill (j—O O J J -sTq II d ftIUll nil . j_L^UI I ..1^ 

:<LJjLslqJI Jj oj Pi (_£9_uaxMJI lHiIa hi^-qJI < _ 7 _q 

ADP + Pi ATP + H 2 0 


ti+ 
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6\k±b 


NADP + jcL^jl L 7 -i\ H 2 0 _II oa l (3_>a A a I ..11..iVn a yj II JLL^oJI lUi^Lx-Loj - 

1 jl yj Lij^Ja H O_II j_ui£Llj y .4 I ^ j o II . a ggj ( _ 7 _JI ^ j_^l^ ^J_£.Liu - a ' 6 gjg .ATP ■ < i&jjg 

ij] yf PSl —ii j_kkL^Lij y$ i4_Ll2 psi _11 < ..<<H iji yi psil _ii j_lo£Llj y$ ^ i <a PS 11 _11 < 

.JjLj^iU^I Jinf "'a 

<1 \ n,>\W d.QpVI^I OA-ujXI JlQqTT Ml _jLih 0 ^i< ojLoJ lIjLj^JJL^J^I J- I^Jl J-J^l l-llo 1*1 IjJ JLliO 

j-Q—O^JLJ ; n*\ win ^L^jl 1 O c0 2 _ II JM IgLjl ' ft cH 2 0 _ II tti<l i O 

^ >x \9 11 ^ l^jo 11 ' ° 1 j^ ♦♦♦ATP ,i 1 ^j> * 

♦ 3 frJa .:- (LljLlqJL^ t^j^LJLQ-L^ (JjQ 3 l g I < 11 - 

.(ATP Jl JjLLjJj^ dJj^jo) 5 juLlo^ cLHLla ^LLjJ LgJLO #QJLJ ^nl»Qi< 

♦♦ ' 

.2u5^JaII 3 lHLLsJI < _yal_LLfll L^jlq ^oIj j; < ^■>»II ^ll^?” :« 


4 j 






^ £ 

rn;71 SJ^jjO ^1 (jj)ni j AfiK i i±LI j^ 3J-^qJI o ^ q nil 


• •• 1 

ouja - I 

ri-nVI L^ii ^o-Tj .oj) MiPkll lIj^LcLqUI (j-jo cLJLLsjq aI nilni (j() mi i \$ (3_4JL^ d-Slok 

A A KjJl (Jl Q 5 ?? ujL <j\q\\ 1 \<y*J Jl ill nl^gl ^—jLj 


bgjui -2 

.ATP <.NADPH,H + <,C 0 2 : ( 03 ) SLjMj 0^ ,,< *J9 <j-oJL£ 3 l 5 L^ J^j-iii 

Iklj |Q^I Pi II fl till 1 1 ~S I ^ lj 1 ‘ 1 ‘lLljQ ^ nil i/*1 II Jaj I nl I y A I J Q : OJ_A -ft 

.(l—LLJj^j) A_jMUI LgJaj)j—uJ i2lj—fi£J 
















filSuVin Jl fi iin iDl ulupJI -3 

•• •• • 

Lr . Lc. {a ,"il i*C j ct ) A Ui ,.ij A i.>» il ."il iij-\ ( 05 ) (j- 1 ^j—6 tC•• C \ II ■"< ■ j_aj 

J^IUI ^I-LJjUl 

.(C 3 (j^jjill l-i£jjo) APG - 

.(C 3 o&jZJI Jiyii ^ >o) ADPG ^liJI ^>^JI - 
.(TP d&jZl > >1^) PGal :^JLili - 

.(HP ^ “‘I ' *** j^** 1 ) J^^lc. ‘ t ‘^JoII - 

.(C 5 w “■! l-i^jjs) RllDip :^>jjjoLiJI - 

.(l_ lo1j£.£jLq£jZJ1) ^ _j^ill _uiUI a _lLEIj Jlil_ £ «JI oi ■> (j_£ ■ a » 



LJgnl ni ^ ■>» i(j<ol (3 j5 L7 _Lc ^ il i^<n n jIj_qJI Ja_d^JI (j_o ' ^ i^*i i :Sl±1q1II 

c((J_LlIj) cL-luoLLJLj Jjj^—ll ( _ 7 _q l_l_i1lqJI J »"«j •>><*- ■ ■ j ^^—Lc. ^ ; *!_c.^ ( __ 7 _q 

♦♦ ♦♦ ♦♦ ♦♦ 

£ 

^ 11 j -X 11 I Q \ JJ it m\*\ A ilt^yi d-5?Q 1 II (J—C d-flll'VQ lIjLqI nlQ I ilo-llAll Lie cLJLQ J 0 jjg 

cdLjQ^JjRjQ dUxjLuJ jLjLLj (L^XjjLLq) I il i LjqI * ji nn < J U t A \ q e\ 1 1 /~il X j ^ JI j_x ' n «ViC *« 

(j^ -<glg II ( 3 -^ ‘ Ml^l I ^-lilg-Q J 5 - 1 ^JQ (J-iio) d-JLJ^UI ft /rJ^< II Jq 5 ?T nil j! 


L^jj^ * U JA,II :<LlLEUI Ijjjq 


♦(JoxLkJI) J 5 WI JjLj^^jq jj^ft I i J_o 3 LLjj-j : 2 ul£UI JLq-su 




































gioJ I I m 


IB 


ijnJIS nnl~> Jalp -4 

(05) SniQ^ 


i_i_^jjO J*s miT i^ RuDP _II i_ r J-C. C0 2 _II i~i mj cRllbiSCO .j-.yi d ]r\ 111I5-J :C0 2 Jl Cd^ U mi - 

.APG <3-° 0 .'.''..'j? < _ 3 _I| jlo .Vii 1 jn!i nio j if~- (j^_jj^JI L7 _ujIjjjj 

.ATP S^lLoJ ^jo ADPG ^Jl APG ojiuoi :APG o>amj£ - 

.NADPH,H + oa^l ^ PGal ^1 ADPG <cUjJ :ADPG - 

.C 6 H 12 0 j^^laJI 1 n*sjj J<-V.v n 11 PGal (jjo ^oj_LLu±j :j££$l*JI yu^p - 

.RuDP ,1 j.^1 (_j.fi PGal (jjo >1 ^ojaIllu :RuDip - 

♦♦ * 


6CQ2 













OZ? ^ "1^ (J3Lk hI< .Vi" n ll (C H 1 3 ) jjj <^lqll <L_Lij^ - 

o j-u±L (jjo Iff* ..i*<<l ^jJI^ vNAL PH.H JJiLUl oj_ui5 'j ^ (j ^ J A ''~' a D *CO _ II 

.slLjL^i aj^aJi H 2 0 _ji 

>.(...^0 niJ tS_djLo! <_>bLo-aj ni) PGal iii II (j_o niTI jj_S - 

.(jjj.ciiXl SJjLslo £_o ( _ 7 _j^bJI i_jl-l^jUI «L_IjLslo <jjl^_lU ^JiLUl ■ <j qII j pgj 

^ ^ 11 ^oJLsdl ^jd oj.i^ jl^fl < jM ^ * * 1 1 j < jjLiLuj^iJI ^jLIj :Rubisco - 

■ "il 1 i II tiij_la (3—0 Jpg" ..iijj J_oLUI £_llllJI J_E1Ij (j—oJL^ (j—^ ^ ^-jLLJI "<I;j^ --ill - 

^ £ £ 
.(j-jjjLUI f.\ u3£. I ( _ ? _Q .I 05?Q J< nl , .-Jbfc (jj-AJ ^1 

* »g^> ■'■'* I t^M< c^—ul^pJI 3. 1 1-n 11 ( j_Lo > ^±iaJI (J—lo d_uLUI 3 l_lLLU dj ..<ill» A *iill - 

jj <^|g|| 4 3__jjAU 

RuDPg APG |jju cLolicJI -5 

:<_>jljlJLxJI jni^ i qII cL^-ua^o ^jlliJI^ <Llljj^JlII Jagj-iiiJI :<Uj^ -1 

£U-*yi 



^AjJl RljDP -ilj APG -5' jA>s 
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jin?*» JdJpu -2 

.lIijLj APG 3 RuDP (jjo Ja£jJ :C 0 2 Jl 3 (■() iAJ) J33.3 - 

.RuDP Jl cLlq^ Xilj2j9 cAPG Jl ^ ‘oj/*'ftl ■ *■"> II J333 - 

.RuDP Jl 2 lu^ ajIJIj^ cAPG Jl S_Lyy^ ^^lqLLU ■ a ..<cii r.Uflfi CO Jl J33.3 - 

2 ♦♦ 



Logics? 1 (j^fj ~sTj (_^l (jljoT niL RuDP^ APG (3-° •1‘i-^ju :C 0 2 _II3 ^3-JaJI ^3-33 ( _ 7 -o - 

. Cr jLboLLijJI JjLuJL ^ n llu Lq 3_d>3 ^ oi^ J< ■'■■ ■ 

.RuDP APG a^I^Ijlq (RuDP <jjo LoMLajl APG (J^•■!«•>«» CO Jl 3333 - 

RuDP ^Q_^l^jLLO (APG o—o I nMU‘iI RuDP '(j*« <cll , a i\ » - U no ^ ■>>ll ^^_ii - 

.APG l 1 LL $2 LLug 


1 1 U->7 13 , ^ SU J< mu iJ) l-Q^Jr>s? i (j_o RuDP_II3 APG _JI <j_o **il -4 

.CO JI3 *3-i>JI j 03! (JJ j 


CO; 



RuDP APG 



1NaHII.II tAJi’l 


APG j' 3 RuDP Jl U* «CW' 















>_2\j^J=aJI t II J^il ya j-i_i — 8 


:i 4 in i jl^lo J^ni 1 Lslo (jLjj_xj^ ^j iTlciKVn II ■■<jV11 ^TKjjq 

ATP fhg q^i ^ I) d—L^oJI uijil ^ I i«o 11 J_ua Lisdf ^ 111 d I) I jo I i 

.NADPH,H + 5 


ADP + Pi :<L_j3 : l^5^i£JI £ _L^j^JI Oig-i_ £ _oj 3 UI 


LLsdl 


£ _p i*^ II <L_Li j_qJI 

.NADP + q 


■ a q $2 Lr J\ ek ihc ( 3 -^- 1 3 <.Ja_iLa £ "<q \ ^ I Jaj_iii <-3 ■>» II :1 JUm 

(jj) <^lr, 1 i<j "wj C 0 2 _II i~i nY1 1 n n^j) <L-jg-L^go^ I) £ I ^j-qJI 


^ I (£J9J «<*> S—frQ oj^ll A I's j-Q-ll IC j 1*11 Llq j_lC- J< uU j_ig_j ^ .^*>11 SJAgylAAJI 

(_J V a 1 1 II A I *\ j^JI ^ I d—Jjgj ■/**> 11 J i<01 1 5? II ^ ill ^ 1 II A jg i<*">g q^I ^ II A I *\^qJI 

.NADPH,H + $ ATP 0 j .^licii 0 j_<& 

i_£L_agj ^j—ll ^jJ_j <A_jLl5Lo l±J_I j £_jog ^ nn A ijji^/j 0 i<ll a Kjpll "ij \ -v I Jaj_iii C’U. _II :2 JLU 

ai’ijj .>>^ 0 i< II a Kj/^ll 


"■^a ^ I y Q Q id-.Ug.u 3 gQ II *S II d_L^goJI /^-Lc- J nil I fl J_l£- J*S Ml I J_jgj CO —II 4 4 t a *? II 

♦♦ ^ 

J ioil .d a K j/-, II , f '\y\ ^ I a j w^lioll " 7- “» ( _ 7 -UI d-jg-LAg^-L^II a I j/-, II 

.NADP + g ADP + Pi J uallsil loj * 


I j] f» nj 7 ",j dL-ugusg^i^JI a K j ^ II a o» la i~ a jg^gV^H a K j ^ II 

d nh "«ga ^ jq7 hi Mil >.jl ^ j II d Mgia^gp K II sLL^j^JI ^—jlgj <j_o oj.aif> a i n < g, ijVi ^o —j 

•(J—aJJI (j_oJL^ 










(CHiO)n 


jJl i A A Ji l\ I L ft A 1 ^ A xA 1 1 

J J 0? «■ -JT J? « 

















fi ligingn iS Jl alajoJI -1 


HO -U a^^aJI oj^bll 


2 HO ^ 4 H + + 0 + 4 e 


JufiLiUAft £L>jJ 


2 NADP + + 4 H + + 4 e ^ 2 NADPH / H H 


n ADP + n Pi -> n ATP 


ATP Jl ^ 


aaJWp^I aJJiddl 


2 H 2 0 + 2 NADP + + n ADP + n Pi ^ 0 2 + 2 NADPH / H+ + n ATP 

ci ig nnn Jl La ^1 -2 

• • •• •• » •• 

6 CO. + 12 NADPH,H + 18 ATP CH,0 + 12 NADP + + 18 ADP + Pi 

z b Iz b 


QjJlaaUI dl nm Jl -3 


•• • •• 


6 CO, + 6 H,0 -> C,H.,0, + 6 0, 

2 2 6 12 6 2 
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2^ 

r 1 J 

•• yl • •• 


( m >^I l^juoLj Ij lj cplj, ■ .i/nAll d S-jLnJI l2j J oj_ikLLb c^—jg.i/n II < i<j7ll 

:<j_lLL^jjo ^_Ij _ llloj 0^? <glgll . * <<j7 « ^ gTilg *.<) \'s\ IJ _i/nAi.ll 

^> 1 V *i Sf < 4 t 1 1 < 4 ol L"\ 1 1 .>^Vn l I ^ i c\ ^ V t / \ t*t I I /• I .Vi r. I /K jnft ♦ * 4 X I a jjQ 

.NADPH,H + 5 ATP 


oj£_^9 -qJI 5-jgi>>s?JI iHiULiy^JI L7 _o C(J. II ^_X3j Lgj.ii ^o —lj to^-iioJI L^jiLo :5 _j^ia.jq^ 4_L^jjo 

.^SjLujJI sU_2lj-qJI ^_jl^j JLq^u-ljL ikZjLjj^-Lkdl < »<j'<l Ajj mi ^ II 

^ ~,II ii<jVII Jjl 


^^aji ou*>*ji j> &ai* &ua &uaji 



(--«! ■>» r.Q ! CC jjlo • ( j<l < ^-'-‘ (_ 7 lc- dlsuilaJI j_j.fi (j^j^JI 

q ‘ ^ l-J—i£jUI A 1 1 q C- aU ■ ■ ■ l^i ,>»f- jj^ jj^ ^ |] j j^LqJI _jj^JI (Jj ^ '■'; - 

♦♦ ♦♦ ♦♦ 

. j j_szJ I I j_j_i I_Lc^b^jo 


^ojLHJI jj_sdl j_j.ii ...(jii ni7ll S Jqc. SP> ml^j j_, *i,i9o j_j_IJ (Jj ^'ii - 

.Alii ‘•I ■'■‘ (jj a_L^il (3—0 


i ^ i odi cXo^-i 



c£\fthnocnj|ii^j:aliiiiy|a|a£| 
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